Objective/Background: The GONO-FOLFOXIRI regimen improved the rate of R0 secondary resection of metastases in initially unresectable metastatic colorectal cancer. The objective of this study was to evaluate the long-term outcome of resected patients and the impact of FOLFOXIRI on perioperative morbidities, mortality, and chemotherapy induced hepatotoxicity. Patients and Methods: Overall, 196 patients with initially unresectable metastatic colorectal cancer were treated with FOLFOXIRI in 2 phase II and 1 phase III trial. This regimen was associated with an elevated response rate (70.4%) and 37 patients (19%) could undergo a secondary R0 surgery on metastases. This study was registered with the Australian New Zealand Clinical Trials Registry Database at http://www.anzctr.org.au/Statistics.aspx and has ID number ACTRN12608000615381. Results: Main characteristics of the 37 radically resected patients were: median age 64 years (45-73), Eastern Cooperative Oncology Group Performance Status (ECOG) PS Ն1 in 30%, synchronous metastases in 65%, multiple sites of disease in 22%, and metastases confined to the liver in 68%. Preoperative FOLFOXIRI was administered for a median of 5.5 months. There was no perioperative mortality and all morbidities (27% of patients) resolved without sequelae. After a median follow up of 67 months, 5-year and 8-year survival are 42% and 33% respectively. At 5 years, 29% of patients are free of disease. The analysis of treatmentinduced liver injury showed neither G3 vascular toxicity nor G4 steatosis, and steato-hepatitis in only 5% of patients. Conclusions: The GONO-FOLFOXIRI regimen allow an R0 surgery in approximately 1 out of 5 unselected patients with initially unresectable metastatic colorectal cancer, and the long-term survival of resected patients is considerable. Neoadjuvant FOLFOXIRI for 3-6 months is safe and not associated with severe liver injury. 1 In fact, despite the recent advances in the medical treatment of such disease, the chance of long-term survival remains unacceptably low (Ͻ5%) for patients with not resected metastatic colorectal cancer. On the contrary, surgical resection of liver metastases is associated with a chance of survival at 10 years as high as 20%.
C olorectal cancer is the second leading cause of cancer-related death in Western countries. The prognosis of metastatic colorectal carcinoma profoundly changes based on the possibility to perform a radical surgical resection of metastases. 1 In fact, despite the recent advances in the medical treatment of such disease, the chance of long-term survival remains unacceptably low (Ͻ5%) for patients with not resected metastatic colorectal cancer. On the contrary, surgical resection of liver metastases is associated with a chance of survival at 10 years as high as 20%. 2 Also, in patients with pulmonary metastases or limited extrahepatic disease, surgical resection can offer opportunities for long-term survival. 3, 4 Therefore, today, a major goal of medical treatment in initially unresectable metastatic colorectal cancer is to induce a significant tumor shrinkage in the attempt to increase the number of radically resected patients. In fact, the prognosis of patients turned resectable, and radically resected after response to chemotherapy, is similar to the prognosis of patients resected at the onset. 5 Of interest, a pooled analysis demonstrated a correlation between the activity of chemotherapy in terms of response rate and the likelihood of surgical resection of metastases. 6 Mainly on the basis of these evidences the Gruppo Oncologico Nord Ovest (G.O.N.O.) developed a combination of infusional 5-fluorouracil/leucovorin (5FU/LV), irinotecan, and oxaliplatin (FOLFOXIRI) with the aim of improving the activity of the treatment and potentially to achieve an increased rate of secondary resection of metastases. Two consecutive phase II trials demonstrated that the FOLFOXIRI regimen had a manageable toxicity profile coupled with an elevated activity, 7, 8 and a secondary radical resection of metastatic disease could be performed in 26% of patients. 9 Afterward, in a phase III trial, 10 the G.O.N.O. compared FOLFOXIRI to infusional 5-fluorouracil/leucovorin and irinotecan (FOLFIRI), demonstrating that the triple drug combination was associated with an improved activity and efficacy, and it significantly increased the rate of secondary radical surgery (15% versus 6%, P ϭ 0.03 in the overall population and 36% versus 12%, P ϭ 0.01 in patients with isolated liver disease).
Two major concerns about the use of such an intensive strategy (triple drug chemotherapy followed by surgery) in metastatic colorectal cancer can be outlined. First, there is the possibility that the increased rate of secondary resection of metastases could not translate in a longer long-term survival. And second, there is the risk of an increased perioperative mobility/mortality possibly due to an excessive chemotherapy-related liver injury. 11 We conducted the present pooled analysis, including the 196 initially unresectable metastatic colorectal cancer patients treated in firstline with FOLFOXIRI in the above mentioned trials, to evaluate the long-term outcome of the patients undergoing a secondary radical resection of metastases and to asses the impact of FOLFOXIRI on perioperative morbidities, mortality, and chemotherapy-induced hepatotoxicity. 
PATIENTS AND METHODS

Patient Selection
Assessments
Pretreatment evaluation included history, physical examination, complete blood profile, carcino-embryonic antigen (CEA), urine analysis, electrocardiogram, chest and abdominal computed tomography (CT) scan, and any other appropriate diagnostic procedures to evaluate metastatic sites. Disease unresectability was established through a multidisciplinary assessment performed by a team that included surgeons and medical oncologists from the institutions involved in these studies. Sites of metastatic disease were evaluated at the onset of chemotherapy and after every 8 weeks. In case of response, the same team of surgeons and medical oncologists reconsidered disease resectability.
Chemotherapy
The treatment planned in the first study (42 patients) consisted of irinotecan 125 mg/m 2 in the initial 3 patients and then 175 mg/m 2 , followed by oxaliplatin 100 mg/m2, I-LV 200 mg/m 2 , and 5-FU 3800 mg/m 2 administered as a 48-hour chronomodulated continuous infusion (FOLFOXIRI). The treatment planned in the subsequent phase II (32 patients) and phase III (122 patients) studies consisted of irinotecan 165 mg/m 2, followed by oxaliplatin 85 mg/m 2 , I-LV 200 mg/m 2 , and 5-FU 3200 mg/m 2 administered as a 48-hour flat continuous infusion ("simplified" FOLFOXIRI). The "simplified" FOLFOXIRI schedule is outlined in table 1 and figure 1. Both regimens were repeated every 2 weeks. Treatment was administered for a maximum of 12 cycles or until evidence of progression, unacceptable toxicity, or patient refusal.
Surgery and Postoperative Outcomes
Surgical resection of metastases was reconsidered during chemotherapy and was attempted when technically feasible and potentially curative. In patients with liver disease, a complete exploration of the abdomen, including intraoperative ultrasonography, was recommended. Radiofrequency ablation (RFA) was allowed only in association with surgery, to treat few (Ͻ4) and small (Ͻ3 cm) other- 
Annals of Surgery • Volume 249, Number 3, March 2009 FOLFOXIRI and Resection of Colorectal Metastases
wise unresectable liver metastases. Postoperative chemotherapy was not planned, but it was allowed. After surgery, follow-up was performed every 2 months with physical examination, complete blood profile, CEA, and CT scan of the chest and abdomen. The progression free survival was calculated from the day of registration/randomization into the study to the first observation of disease progression or death from any cause. The time to failure of strategy (TFS) was calculated from the day of registration/randomization into the study to the observation of disease progression deemed definitively unresectable or death from any cause. The overall survival time was calculated from the day of registration/randomization into the study until death from any cause, censoring patients who had not died at the last date known to be alive. Survival curves were estimated by the Kaplan-Meier method and compared with the log-rank test.
Histopathologic Examination
Histology was reviewed in 21 patients who underwent hepatic resection. Three sections of tumor and nontumoral liver from one large block of the resected specimen were sampled to evaluate pathologic changes. Sinusoidal dilatation was graded according to Rubbia-Brandt et al: 12 Grade 0 ϭ absent, Grade 1 ϭ mild (centrilobular involvement limited to 1 third of the lobular surface), Grade 2 ϭ moderate (centrilobular involvement extending to 2 thirds of the lobular surface) and Grade 3 ϭ severe (complete lobular involvement). Steatosis was assessed in the peri-tumoral liver, and the presence of macrovesicular and microvesicular steatosis was noted. The degree of macrovacuolar steatosis in the liver not involved with tumor was classified into 5 grades: Grade 0 ϭ none, Grade 1 ϭ steatosis in Ͻ10% of the parenchymal area, Grade 2 ϭ steatosis in Ն10% but Ͻ30% of the total parenchymal area, Grade 3 ϭ steatosis in Ն30% but Ͻ60% of the parenchymal area, and Grade 4 ϭ steatosis in Ն60% of the parenchymal area. Steatohepatitis was graded as defined by Kleiner et al 13 based on steatosis (score 0 Յ5%; 1 ϭ 5% to 33%; 2 Ն33% to 66%; and 3 Ն66%), lobular inflammation (score 0 ϭ no foci; 1 Յ 2 foci; 2 ϭ 2 to 4 foci; and 3Ͼ4 foci per X200 field), and ballooning (score 0 ϭ none; 1 ϭ few balloon cells; 2 ϭ many cells/prominent ballooning).
RESULTS
Patients
A total of 196 patients with metastatic colorectal cancer deemed unresectable were enrolled onto the above mentioned trials and treated with FOLFOXIRI. Among these 196 patients, 73 (37%) had metastases confined to the liver. Overall, 138 (70%) patients achieved an objective response to chemotherapy. In 67 patients, surgery was not reconsidered because of the extent of disease, while the remaining 71 patients (36% of total) were reevaluated for surgical resection of metastases. Among these 71 patients, 29 were unable to undergo operation with a curative intent because this was judged not feasible after a clinical and instrumental reevaluation (24 patients) or after an exploratory laparotomy (5 patients), whereas in 5 patients the operation was not radical (R1-R2). Finally, 37 of the initial 196 patients could undergo operation with curative intent (resection rate: 19%) that consisted of a radical surgical resection of all metastatic sites (R0; 29 patients) or an R0 resection of metastases combined with intraoperative RFA of small residual hepatic nodules (R0-RF; 8 patients). In particular, surgery with curative intent was performed in 25 of the 73 patients with disease confined to the liver at baseline (resection rate: 34%). A flow-chart of the treatments is summarized in Figure 2 . Characteristics of the 37 resected patients are listed in table 1. Of note metastases, were synchronous in 65% of patients and 22% had multiple sites of disease. Baseline sites of disease were: liver only in 25 patients (68%), lung only in 4 patients (11%), liver and lung in 2 (5%), and liver and lymph nodes or peritoneum in 6 patients (17%). Main reasons for initial unresectability were classified according to ONCOSURGE criteria 14 and reported in table 1. With regard to the 25 patients with liver only metastases, the reasons why they were deemed initially not resectable were: all 3 hepatic veins involved in 2 patients (8%), involvement of 7 or 8 liver segments in 7 patients (28%), inadequate future liver remnant (Ͻ20%) in 7 patients (28%). Moreover, 1 patient (4%) was judged unfit for surgery at baseline and finally the resection was considered technically feasible, but oncologically not appropriate in 8 patients (32%) because of the presence on more than 4 bi-lobar synchronous metastases or because of the estimation of inadequate radiologic margins.
Chemotherapy Administration
Among the 37 patients to undergo surgery with curative intent, a median of 11 cycles of preoperative chemotherapy were administered (range, 9 -15 cycles), with a median duration of preoperative chemotherapy of 5.5 months (range, 1.6 to 8.3 months). Only 5 patients (14%) were treated for more than 6 months. The median time to achieve the best objective response (WHO criteria) was 2.6 months. The median time between the end of chemotherapy and operation was 1.9 months. Ten patients received postoperative chemotherapy with systemic FOLFOXIRI (4 patients) or with intrahepatic floxuridine (6 patients).
Surgical and local Treatments
A major hepatectomy (Ͼ3 segments) was performed in 19 patients (52%), a minor hepatectomy (Յ3 segments) in 14 patients (38%), and multiple segmental lung resections in 4 patients (11%). Surgical removal of circumscribed extrahepatic disease was also performed in 8 patients (22%) with liver metastases (abdominal lymphonodes 5 patients, lung 2 patients, peritoneum 1 patient). Intraoperative RFA of hepatic metastases was used in combination with liver resection in 8 patients to treat small residual nodules that could not be resected, but that could be fully ablated. The histopathologic analysis of resected nodules demonstrated a complete pathologic response of all lesions (absence of any viable tumor cell irrespective of the proportion of necrosis and fibrosis) in 4 patients (11%). These 4 patients had primary colon cancer and liver only disease, number of metastases ranging from 2 to 7 and maximum diameter of metastases ranging from 3 to 5 cm. All these 4 patients had achieved an instrumental partial response to chemotherapy.
Operative Morbitity-Mortality and Liver Injury
There was neither intraoperative nor postoperative mortality within 3 months after surgery. The perioperative complication rate 
Masi et al Annals of Surgery • Volume 249, Number 3, March 2009
was 27% and included: transient liver failure (3 patients), biliary fistula (2 patients), wound infection (2 patients), bilioma (1 patient), and pneumonia (1 patient). All complications resolved without sequelae.
One pathologist with hepatobiliary expertise and who was blinded to clinical data made a detailed microscopic assessment of liver tissue not involved by tumor in the resected specimen from 21 patients. Details of histo-pathologic evaluation are the followings: sinusoidal dilatation was identified in 100% of patients (grade 1: 52%; grade 2: 48%) but no grade 3 vascular toxicity was found; steatosis of any grade was demonstrated in 76% of patients (grade 1: 52%; grade 2: 19%; grade 3: 5%), but no grade 4 steatosis was found; steatohepatitis was observed only in 1 patients (5%).
Disease Recurrence and Survival
The median follow-up of patients who underwent surgery with curative intent is 67 months. Disease recurred in 31 of these 37 patients. The median PFS from study entry is 18 months, and at 5 years 6 patients (16%) are still free of progression; all these 6 patients had disease confined to the liver at baseline. After disease recurrence, 27 (87%) patients received second-line chemotherapy with FOLFOXIRI (9 patients), FOLFIRI (12 patients), infusional 5-fluorouracil/leucovorin and oxaliplatin (FOLFOX) (5 patients), or cetuximab (1 patient). Among these 31 patients who developed a recurrence of the disease, 11 (36%) were able to benefit from a new radical resection or RFA of metastases. As a consequence, the median TFS is 19 months, and 11 patients (29%) are free of disease at 5 years as shown in Figure 3 .
With regard to survival, 22 out of 37 patients have died (20 because of progressive disease and 2 for other causes). The median survival from study entry is 40 months, and the estimated 5-year and 8-year survival rates are 42% and 33% respectively (Fig. 3) . For the 25 patients with liver only disease, the median survival is 61 months and the estimated 5-year and 8-year survival rate is 43%. For the 17 patients with truly unresectable liver only metastases (excluding 8 patients deemed oncologically not appropriate for resection), the median survival is 34 months and the estimated 5-year and 8-year survival rates are 32% and 22% respectively.
For comparison, the median survival of the 14 patients who achieved a clinical complete response to chemotherapy, but did not undergo operation, is 30 months (5-year survival: 14%, log-rank P versus operated ϭ 0.006); the median survival of the 101 patients who responded to chemotherapy (complete or partial response), but did not undergo operation is 23 months (5 years survival: 3%, log-rank P versus operated Ͻ0.001) and the median survival of the 56 patients who did neither achieve an objective response to FOLFOXIRI (stable disease and progression) nor undergo operation is 14 months (5 years survival: 0%, log-rank P versus operated Ͻ0.001). Finally, the median survival of patients who achieved a complete pathologic response is 64 months (5 years survival: 75%). Survival curves are reported in Figure 4 .
DISCUSSION
The treatment of metastatic colorectal cancer has changed mainly for improvements in the efficacy of chemotherapy, for the availability of targeted agents, and for an increased use of surgery on metastases. Unfortunately, survival beyond 5 years is still uncommon in patients with non resected metastatic disease. Therefore, surgical resection of metastases remains the best option to achieve long-term survival, and there is a considerable interest in expanding the criteria for resectability. There are growing evidences that an active neoadjuvant chemotherapy can shift patients from having unresectable to resectable disease, and the pooled analysis of Folprecht et al 6 demonstrated a strong correlation between the activity of chemotherapy and the resection rate, being the response to chemotherapy almost a prerequisite for resection. In this context, we developed the FOLFOXIRI regimen also with the aim to expand the fraction of patients eligible for a potentially curative resection of metastases. The data we reported show that this triple-drug combination made possible a radical resection of initially unresectable metastases in approximately 1 out 5 patients. Moreover, with a 
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median follow up of more than 5 years, the long-term survival of radically resected patients is particularly remarkable, with actuarial 5-year and 8-year survival rates of 42% and 33% respectively. Of note, these results were achieved in a particularly difficult setting of patients with metastatic colorectal cancer who were not selected for a neoadjuvant approach and in whom the initial treatment had mainly a palliative purpose because of the extent of metastatic disease. In fact, although the 5-year survival reported in trials using oxaliplatin or irinotecan based doublets 5, 15, 16, 17 has also ranged between 30% and 50%, these results were obtained in more selected populations of patients with liver-only disease. Unfortunately, to compare the results of studies of preoperative chemotherapy is problematic because of the heterogeneous definition of unresectability and because of the variable surgical skill and aggressiveness. Nevertheless, in our opinion, the FOLFOXIRI regimen is of particular interest in a neoadjuvant strategy due to its elevated activity coupled with a manageable toxicity profile. In addition, it is worth noting that with FOLFOXIRI we observed a considerable incidence of complete pathologic responses (11% of resected patients) and this condition is associated with a very favorable outcome, as also recently reported. 18 An aspect to be discussed is the duration of the preoperative chemotherapy. In fact, even if achievable in a small percentage of patients, a complete disappearance of radiologically evident disease, in most cases, does not reflect a complete pathologic response, but may compromise surgery. 19 Furthermore, the long-term outcome of patients who achieved a complete radiologic remission of disease, but were not operated on, is not as good as that of patients who were radically operated on 20 (in the present analysis, 5-year survival 14% versus 42%). For these reasons, we recommended to reconsider surgical resection as soon as it was judged feasible, especially in patients for whom surgery was a real chance of cure and when all sites of metastases could be resected. Instead, in patients with more diffuse metastatic disease where, even after a major response, not all sites of initial disease could be resected, we considered a more prolonged chemotherapy (up to 6 months), in the attempt to induce a pathologic complete response of some metastatic lesions. It must be considered that the risk of liver toxicity, and possibly the incidence of surgical complication, pay increase with prolonged chemotherapy. The surgical complication rate, the perioperative morbility and mortality, and the degree of liver injury we reported compare favorably with those of other series. 21, 22, 23, 24, 25 Probably, the duration of preoperative treatment (no longer then 6 months) in the majority of patients and the non elevated dose of irinotecan we used can explain these data.
A key point is the selection of patients who will benefit most from an intensive therapeutic approach including chemotherapy and surgery on metastases. In fact, a technically feasible resection is not always a curative resection. In the absence of validated biologic prognostic factors, several authors proposed clinico-pathologic scoring systems to predict survival after surgery in metastatic patients downstaged by chemotherapy. 26, 27 However, recent data suggest that the presence of poor prognostic factors does not preclude the possibility of long-term survival.
2 Therefore today we should select patients by combining these prognostic models with advanced imaging techniques and with a careful clinical evaluation of the disease spread and aggressiveness, but every effort should be made to not deny a potentially curative treatment to our patients. In this scenario, the availability of a more active, but not substantially more toxic regimen like FOLFOXIRI, should be considered when a potentially curative resection is a reasonable option.
Today, targeted agents like anti-VEGF and anti-EGFR monoclonal antibodies are routinely used to treat metastatic colorectal patients. Results of randomized trials 28, 29 demonstrated that combining a biologic agent to an oxaliplatin or irinotecan based doublet can improve treatment activity and efficacy and also the rate of secondary resection of metastases. Therefore, on behalf of the G.O.N.O. we conducted a phase II trial in unresectable metastatic colorectal cancer by combining FOLFOXIRI with bevacizumab. 30 A phase III trial to compare this regimen to a combination of FOLFIRI and bevacizumab is ongoing.
In conclusion, the G.O.N.O. FOLFOXIRI regimen not only improves the rate of radical surgery in initially unresectable metastatic colorectal cancer, but also long-term survival of resected patients, with considerable benefit. Furthermore, neoadjuvant FOLFOXIRI for 3-6 months is safe and not associated with unexpected adverse events or severe liver injury. 
